Along the ruler with a scale of angstrom, the guest atoms or molecules are located in respect of its diameter. b Small H2 molecules multiply occupy both the small S1 and large L1 cages of structure II sII ; P 220 MPa and T 235 K. c Methane CH4 has a typical hydration number of 5.75 and occupies both the small S1 and medium M cages of structure I sI ; P 200 MPa and T 300 K. d THF is so large, it can only fit into the large L1 cage of sII. Therefore, small H2 molecules are added to occupy the small S1 cages by forming the H2-THF double hydrate; P 5 MPa and T 280 K. [1] . The vertical dashed line marks the wavenumber of 4155 cm 1 for free hydrogen molecules at ambient conditions. At 200 MPa and 234 K, vibrons consist of a low-frequency group at 4115 to 4135 cm 1 and a highfrequency group at 4135 to 4155 cm 1 , which correspond to H2 in the L1 and S1 cages, respectively. Fig. 3 . Temperature dependence of D2 occupancy in the large L1 diamond symbols and small S1 cages of the D2 clathrate hydrate structure [8] . Open and filled symbols represent data obtained at ambient and high 200 MPa pressures, respectively. [3] . In region III corresponding to Fig. 1d , H2 molecules are only stored in small 5 12 S1 cages, while in region II both small S1 and large 5 12 6 4 L1 cages can store H2 molecules. At the highly dilute THF concentrations of region I corresponding to Fig. 1b , H2 [3] . The NMR samples were prepared from D2O and THF. The distribution of H2 molecules in both cages depends on pressure and temperature.
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